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Abstract
Purpose Adjacent segment degeneration (ASD) is known
to occur after anterior cervical arthrodesis. However, it is
not known whether cervical canal stenosis enhances the
risk of ASD. The purpose of this study was to explore
whether congenital stenosis could be used as a predictor of
ASD after anterior cervical decompression and fusion
(ACDF).
Methods We enrolled 141 patients who had undergone
ACDF for cervical myelopathy and/or radiculopathy, and
had at least 6 years of follow-up. In standard radiographs
of cervical spine in lateral view, bony congenital stenosis
was evaluated and all patients were divided into two
groups: stenosis (n = 63) and non-stenosis (n = 78). Ra-
diographic ASD was assessed according to the criteria of
Kellgren and Lawrence and correlated with symptomatic
ASD. Clinical and radiological parameters were compared
between the groups. The primary outcome was the rate of
radiographic ASD after initial ACDF. The incidence of
symptomatic ASD was assessed by Kaplan–Meier method.
Results Radiographic ASD and symptomatic ASD de-
veloped in 46.8 % and 18.4 % of all patients, respectively.
There was a significant association between congenital
stenosis and radiographic ASD. The area under the receiver
operating characteristic curve of preoperative anteropos-
terior (AP) diameter of cervical canal for predicting ra-
diographic ASD was 0.756. 13.0 mm was the cutoff value
of preoperative AP diameter of cervical canal predicting
radiographic ASD. Kaplan–Meier analysis predicted a
disease-free survival rate of symptomatic ASD in 97.2 %
of patients at 5 years and 78.0 % at 10 years after ACDF.
There was no significant difference in survival rates of the
adjacent segment between the two groups via log-rank
analysis (P = 0.102).
Conclusion Congenital stenosis can increase the rate of
radiographic ASD after initial ACDF. The cutoff value of
13.0 mm for preoperative AP diameter of cervical canal
had the highest validity for predicting radiographic ASD.
Keywords Adjacent segment degeneration  Anterior
fusion  Cervical spine  Disc degeneration  Stenosis
Introduction
Anterior decompression of the cervical cord and interbody
fusion for cervical radiculopathy and/or myelopathy were
first introduced by Robinson and Smith [1] and by Cloward
[2, 3]. The development of adjacent segment degeneration
(ASD) following anterior cervical decompression and fu-
sion (ACDF) is well reported in the literature [4–15].
Within the past few decades, both in vivo and in vitro
biomechanical evidence suggest that arthrodesis may aug-
ment stress on the unfused adjacent levels [16–21]. Hili-
brand et al. [7] reported an annualized incidence of 2.9 %
per year for developing symptomatic ASD after single-
level ACDF and estimated that about 25.6 % of patients
would have symptomatic ASD within 10 years of their
index surgery. More than two-thirds of patients developing
symptomatic ASD had failure of conservative treatment
and required additional operative procedures. However, no
agreement exists as to the etiology of ASD [7, 8, 22–24]. In
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patients with congenital cervical canal stenosis, the oc-
currence of ASD may lead to the development of new
myelopathy and/or radiculopathy. However, to the best of
our knowledge, few reports have described the association
between a narrow cervical spinal canal and ASD. In this
study, we investigate the relationship between congenital
cervical canal stenosis and pathological changes of adja-
cent segment after ACDF.
Materials and methods
Patient population
We retrospectively reviewed 141 patients who had under-
gone ACDF for cervical degenerative disease between C3
and C7 and had at least 6 years of follow-up. Exclusion
criteria included posttraumatic cervical disc herniation, a
history of cervical spine surgery such as concomitant
posterior decompression and fusion, preoperative degen-
eration (grade 2, 3, and 4) of adjacent segments based on
the criteria of Kellgren and Lawrence [25], and follow-up
of less than 6 years (Fig. 1). All patients underwent ACDF
surgery in our hospital.
The study population consisted of 48 females and 93
males. The average age at the time of surgery was
51.2 years, ranging from 34 to 70 years. The average fol-
low-up period was 9.7 years, ranging from 6 to 18 years.
Demographic data included age at operation, gender,
symptoms at presentation (radiculopathy vs. myelopathy
vs. myeloradiculopathy) and length of follow-up. Surgical
data collected included the number of fusion levels and
type of bone graft (autograft vs. allograft).
Surgical technique
Under general anesthesia, a standard Smith-Robinson
method was used to expose the cervical spine. After a
complete discectomy and osteophytectomy were carried
out, the endplate cartilage was symmetrically removed
with a high-speed drill and curette until bleeding occurred.
In all cases, an adequate decompression of cervical cord
and the origin of nerve root was obtained. After confirming
good pulsation of the thecal sac, an appropriate tricortical
autograft or corticocancellous allograft was shaped into
lordosis and inserted into the intervertebral space. Finally,
a plate-and-screw system was applied to achieve anterior
cervical fixation. After surgery, a Philadelphia cervical
orthosis was applied for 4 weeks and a soft cervical collar
was recommended for an additional 2 weeks.
Radiological analysis
Pre- and postoperative radiographs were obtained to assess
the development of ASD. Kellgren and Lawrence diag-
nosed radiographic degeneration based on the following
criteria: (1) formation of osteophytes; (2) periarticular os-
sicles; (3) cartilage narrowing with subchondral bone
sclerosis; (4) small pseudocystic areas with sclerotic walls;
(5) altered bone ends shape. Radiographic degeneration
was divided into five grades as follows: grade 0 indicates
no degenerative changes; grade 1 indicates doubtful










Cervical spine trauma (n=55)
Preoperative degeneration of adjacent segments (n=50)
Combined posterior cervical surgery (n=7)
Follow-up of less than 6 years (n=243)
Fig. 1 Flow diagram showing
patients allocation in the current
study
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degeneration; grade 2 indicates minimal degeneration;
grade 3 indicates moderate degeneration; and grade 4
indicates severe degeneration [25]. The sagittal canal di-
ameter was measured on lateral neutral radiographs from
the middle portion of the posterior surface of the vertebral
body to the innermost cortical surface of the lamina. The
anteroposterior (AP) diameter of the cervical canal was
defined as the average of sagittal canal diameters from C3
to C7. Male patients whose sagittal diameter was\14 mm
and female patients whose sagittal diameter was\13 mm
at least at one level indicated the existence of develop-
mental canal stenosis [26]. All measurements were un-
dertaken using a picture archiving communication system
(Siemens, Germany). All radiological data were reviewed
by two blinded observers (J. T. Z and J. M. C) and the
mean values were used. The diagnosis of symptomatic
ASD was defined as a compressive lesion at the levels
adjacent to the fusion segment, confirmed by magnetic
resonance imaging (MRI) or myelography, and was con-
sidered as a new development of radiculopathy and/or
myelopathy.
The primary outcome was the rate of radiographic ASD
after initial ACDF. To evaluate whether congenital cervical
canal stenosis could be a predictor of radiographic or
symptomatic ASD, we divided patients into two groups:
stenosis group and non-stenosis group. We compared the
rate of radiographic and symptomatic ASD in stenosis and
non-stenosis group using the Chi-square test. We evaluated
the correlation between preoperative AP diameter of cer-
vical canal and the radiographic ASD using logistic re-
gression and Spearman’s rho, which permit correlations
between continuous variables and dichotomous variables to
be made. Receiver operating characteristic (ROC) curves
was conducted to evaluate the sensitivity and specificity of
preoperative AP diameter of cervical canal for predicting
radiographic ASD. The incidence of symptomatic ASD
was analyzed using Kaplan–Meier survival analysis. To
verify the reliability of the measured data, the intra-ob-
server and inter-observer correlations were checked using a
Kappa coefficient test. Data analysis was performed using
SPSS software version 19.0 (SPSS Inc, Chicago, IL, USA).
Results
The Kappa coefficient test showed that the data used for
this study were reliable (0.82 and 0.83, respectively). For
all patients, 56 (39.7 %) patients suffered from radicu-
lopathy, 38 (27.0 %) patients from myelopathy and the
remaining 47 (33.3 %) from myeloradiculopathy, preop-
eratively. The majority of patients underwent 1- or 2-level
fusion (55 and 53, respectively), with 32 undergoing
3-level fusion, and 1 undergoing 4-level fusion. In 122
(86.5 %) autogenous bone graft was used and in 19
(13.5 %) allograft (Table 1).
The AP diameter of cervical spinal canal was
12.6 ± 0.6 mm in stenosis group and 15.1 ± 0.8 mm in
non-stenosis group (P = 0.000). At last follow-up, the
overall incidences of radiographic ASD and symptomatic
ASD were 46.8 % and 18.4 %, respectively. Although the
occurrence of ASD was high after anterior cervical
arthrodesis, overall clinical outcomes for patients were
satisfied, with 85.1 % of patients having good to excellent
Robinson scores and 86.5 % of patients having good to
excellent Odom scores. Radiographic ASD occurred more
frequently in stenosis group than in non-stenosis group:
61.9 % vs. 34.6 %, respectively (P = 0.001; Table 1;
Fig. 2). However, the incidences of symptomatic ASD
were not significantly different (23.8 % vs. 14.1 %, re-
spectively; P = 0.139; Table 1). Increase of preoperative
AP diameter of cervical canal correlated with (r = -0.442;
P\ 0.001) radiographic adjacent segment degeneration
(Fig. 3). The logistic regression for preoperative AP di-
ameter of cervical canal and radiographic ASD found an
OR of 0.457 (95 % confidence interval 0.335–0.624;
P\ 0.001; Fig. 4). The area under the ROC curve of
preoperative AP diameter of cervical canal for predicting
radiographic ASD was 0.756 (95 % confidence interval
0.677–0.835; P\ 0.001). The cutoff value of 13.0 mm for
preoperative AP diameter of cervical canal had the highest
validity for predicting radiographic ASD. Kaplan–Meier
survivorship analysis showed that predicted survivorship of
the adjacent segments was 97.2 % at postoperative 5 years
and 78.0 % at 10 years (Fig. 5). There was no significant
difference in survival rates of the adjacent segment be-
tween the stenosis and non-stenosis groups via log-rank
analysis (P = 0.102; Fig. 6). Of the 26 patients with
symptomatic ASD after the initial ACDF, 15 patients had
conservative treatment and new symptoms were relieved.
Eleven patients required additional surgery after the initial
ACDF because of recurrent myelopathy and/or radicu-
lopathy caused by adjacent segment pathology. At the
second surgery, an anterior fusion was performed in 5
patients, and 5 underwent laminoplasty. One patient dis-
approved second surgery because of old age.
Discussion
Anterior cervical decompression and fusion is a commonly
applied procedure for cervical degenerative disease.
However, arthrodesis of the cervical spine segments results
in alteration to the physiological biomechanics of the spine
[9, 15, 27, 28]. Baba et al. [6] observed that 25 % of pa-
tients undergoing anterior cervical fusion subsequently
developed new spinal canal stenosis above fused segments
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with an average of 8.5 years of follow-up. Bohlman et al.
[29] reviewed 122 patients after anterior discectomy and
fusion with an average of 6 years of follow-up and ob-
served that 9 % of all patients developed adjacent segment
disease requiring additional surgery. Sufficient evidence is
available to prove the development of adjacent segment
changes. Nonetheless, many clinical studies did not support
this hypothesis. There are data available for comparison of
fusion and nonfusion procedures to determine whether
fusion itself might be causative in the development of
ASD. Lunsford et al. [30] reported that the incidence of
adjacent segment disease was not significantly different
between patients undergoing ACDF and patients having
discectomy only. In a prospective cohort study, Maldonado
et al. [15] found that preservation of motion in patients
undergoing cervical disc arthroplasty was not associated




Data Stenosis (n = 63) Non-stenosis (n = 78) P value
Age at operation (years) 51.6 ± 5.4 50.9 ± 7.2 0.555
Sex (male:female) 45:18 48:30 0.218
AP diameter of cervical canal (mm) 12.6 ± 0.6 15.1 ± 0.8 0.000
Symptoms at presentation




Autograft 55 67 0.808
Allograft 8 11
The number of levels fused
1 level 23 32 0.757
2 levels 25 28
3 levels 15 17
4 levels 0 1
Follow-up period (years) 10.0 ± 2.8 9.5 ± 2.5 0.304
Radiographic ASD 39 (61.9 %) 27 (34.6 %) 0.001
Symptomatic ASD 15 (23.8 %) 11 (14.1 %) 0.139
AP anteroposterior, ASD adjacent segment degeneration



















Fig. 2 A graph shows the number of patients in stenosis group and
non-stenosis group sharing grades 0–4 of radiographic adjacent
segment degeneration according to the Kellgren–Lawrence
classification




























Fig. 3 A graph shows the correlation between the anteroposterior
(AP) diameter of cervical canal and the grade of radiographic adjacent
segment degeneration. Box distribution, vertical bars SD, horizontal
bar arithmetic average
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with a reduction of the rate of symptomatic ASD.
Similarly, a few clinical studies suggest that ASD is the
result of a natural progression of degenerative process and
is not caused by the cervical spinal fusion itself.
The factors enhancing adjacent segment degenerative
changes are still unclear. In neither of previous studies,
however, was there any correlation between ASD and
preoperative AP diameter of cervical canal. To better un-
derstand the development of ASD after anterior cervical
arthrodesis and the overall prevalence of this problem, we
focused our attention on the size of the cervical spinal
canal and determined whether preoperative congenital
stenosis predicted ASD at a minimum follow-up of 6 years.
Morishita et al. [31] found that a congenitally narrow canal
had different effects on cervical kinematics. In other words,
subjects with a congenitally narrow cervical canal may be
exposed to a large mechanical loading at the cervical spine.
Their results suggest that cervical spinal canal diameter of
less than 13 mm may be a risk factor for degenerative disc
disease as measured in MRI studies. Therefore, we hy-
pothesize that congenital stenosis would lead to an in-
creased incidence of ASD following ACDF. In our study,
we observed congenital cervical canal stenosis increased
the rate of radiographic ASD (P = 0.001). However,
symptomatic ASD did not correlate with congenital
stenosis in the current study (P = 0.139). Based on pre-
vious literatures [7, 22, 29], there was a low incidence of
symptomatic ASD after anterior cervical fusion. Because
of the relatively small sample size in the current study, the
statistical power of analysis on symptomatic ASD was low.
Therefore, the result of symptomatic ASD between the two
groups should therefore be regarded with caution. How-
ever, our result was similar to previous study, which
showed that congenital stenosis does not appear to predict
symptomatic ASD [32]. We found an OR of 0.457 between
preoperative AP diameter of cervical canal and radio-
graphic ASD, suggesting a narrow cervical spinal canal can
be considered a risk factor for the development of radio-
graphic ASD. Specifically, the odds of radiographic ASD
decreased approximately by 50 % for every 1-mm increase
in preoperative AP diameter of cervical canal. Therefore,
we observed a narrow AP diameter of cervical canal was
correlated with a higher rate of radiographic ASD and
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Radiographic ASD




























Fig. 4 A graph shows anteroposterior (AP) diameter of cervical
canal in patients without radiographic adjacent segment degeneration
(ASD) and in patients with radiographic ASD. Box distribution,


















Fig. 5 Kaplan–Meier survival analysis of all patients undergoing
anterior cervical decompression and fusion developing symptomatic






















Fig. 6 Kaplan–Meier survival analysis for symptomatic adjacent
segment degeneration, comparing stenosis group vs. non-stenosis
group. There was no statistical difference between the two groups
(P = 0.102)
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13.0 mm was the cutoff value of preoperative AP diameter
of cervical canal predicting radiographic ASD. We also
compared the rate of symptomatic ASD development over
time as a function of the size of cervical spinal canal via
Kaplan–Meier analysis, but found no statistical sig-
nificance between stenosis and non-stenosis groups. We
speculated that the reason for this would be that patients
with congenital cervical canal stenosis may have con-
genitally narrow cervical cords, and therefore, the condi-
tions of the spinal cords were not more affected by the
degenerative changes at the adjacent levels.
Regarding the treatment of symptomatic ASD, Hilibrand
et al. [7] reported that only 28 % of patients with symp-
tomatic ASD had successful conservative treatment of the
new symptoms. However, from our study, 57.7 % of pa-
tients responded to careful conservative treatment, such as
wearing a soft cervical collar, anti-inflammatory medica-
tions, and physiotherapy. When conservative treatment
failed, ACDF or laminoplasty could be performed to re-
solve the symptoms of adjacent segment disease.
The present investigation may have several limitations.
First, it is a retrospective observational study; therefore,
other potential factors may affect the development of ASD.
In addition, we do not have enough cases of symptomatic
ASD after initial ACDF, and the statistical power of analysis
on symptomatic ASD was low. Therefore, our result of
symptomatic ASD should be interpreted with caution. Third,
using AP diameter to determine the cervical canal stenosis is
not the most precise technique. Finally, a large sample
multi-center study is needed to gather extensive radiological
and clinical data regarding ASD following ACDF.
Conclusions
In conclusion, patients who underwent anterior cervical
arthrodesis for degenerative disease had a high incidence of
radiographic ASD. The development of radiographic ASD
was related to preoperative AP diameter of cervical spinal
canal. The cutoff value of 13.0 mm for preoperative AP
diameter of cervical canal had the highest validity for
predicting radiographic ASD. Congenital cervical canal
stenosis did not appear to contribute to symptomatic ASD.
Because of the rarity of symptomatic ASD, the study may
be underpowered. Further investigation may help to ex-
plain the mechanism by which such a correlation occurs.
Surgeons should not be worried too much of symptomatic
ASD when performing anterior cervical arthrodesis pro-
cedures for cervical degenerative disease even if preop-
erative congenital stenosis is present.
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